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ABSTRACT 


Machining of advanced engineering materials such as ceramics 
and composites is gaining tremendous potential primarily because 
of its vast applications in various field. As a result newer 
techniques are being discovered for the machining of these 
materials. The conventional machining techniques have proved to be 
incompetent as compared to the non-con vent i onal techniques. 

In ceramics, the piezoelectric ceramics are gaining 
importance for the reason of their application as transducer in 
the fields of engineering and sciences. Recently the main emphasis 
of some of the researchers has been in the machining of 
non-conduct ing materials (ceramics and composites) using 
non-convent i onal methods in general and El€>c tro-Ch^niical Spctrh 
Hachinin^ C ECSM^ in particular. 

Here, the author has attempted to explore the feasibility of 
using ECSM for the machining of electr i cal ly partially conducting 
materials like piezoelectric ceramics. Experiments are conducted 
on Lead Zirconate Titanate (PZT) which dominates in the field of 
piezoelectric ceramics. 

A Elf^c tro-Ch^fmical Spctrh Mcichiniri£ CTW-ECSM1> 
set up is fabricated. Various experiments are conducted to 
investigate into the effects of supply voltage and concent rat ion 
of electrolyte on average diametral overeat and material removal 
rate CHRR). The surface texture is also analyzed using Scanning 
Electron Microscope <SEM). With the help of an oscilloscope, the 
minimum voltage at which the sparking occurs is also recorded. It 
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has been observed that the rriachining of partially electrically 
conductive niaterials using ECSfl process is comparat i ve ly more 
difficult than non-conducting materials for the simple reason that 
physical contact between the cathode and the workpiece (partially 
conductive) or the wire and the debris in the cut slot results in 
arcing which deteriorates the machined surface characte r i s t i cs . 
Repeated arcing finally results in wire breakage* Overcut is found 
to be a function of applied voltage and concent rat ion - 

In the end some means are suggested for minimization of the 
arcing and attaining better surface charac te r i s t i cs . 
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CHAPTER 1 


INTRODUCTION 


1*1 Electricailly assisted nori-conveniioriai machining 

With the development of new alloys with high strength, high 
temperature resistant (HSTR)? more and more challenging problems are 
faced by the scientists and the technologists in the field of 
manuf actur ing . The major difficulties in adopting the traditional 
manufactur ing processes were identified as, 

1) new materials with a low machinabi 1 i ty , 

2) dimensional and geometrical accuracy requirements, 

3) a higher production rate and economy. 

This gave development of non-convent ional machining techniques 
in the early i930s. 

The non-convent i onal processes vary widely in their basic 
features, mechanics of the process and the type of energy used in 
the material removal, but are dependent on the electrical energy. 
Thus they can be grouped under a common heading of 'electrically 
assisted non-convent i onal machining processes*. The more common 
processes under this heading are 

Ci) Electro Chemical Machining (ECM) , 

(ii) Electric Discharge Machining (EDM), 

(iii) Electron Beam Machining (EBM) and 

(iv) Plasma Arc Machining (PAM). 

From the point of view of material removal, accuracy and shape 
capabi 1 i t ies , ECM and EDM processes have the maximum potential. 



Unf ortunateiy y these processes have a rriajor limitation in the fact 
that only electrically conducting work materials can be machined. To 
overcome this, a hybrid of ECM and EDM has been conceived in the 
early '70s in which the phenomenon of electro-chemical discharge 
(ECD) is employed for the material removal. Use of ECD for 
conducting material were also attempted and was termed as 
“Electro Chemical Arc Machining (ECAM)**. For the non-conducting 
material it was termed as “Electro Chemical Discharge Machining 
(ECDfi)“. 

1,2 Comparative study of various processes 

It will be convenient to understand the process of ECDM using a 
comparative illustration of ECM, EDM, ECAM and ECDM. Fig. 1.1 
illustrates the voltage and current density ranges that are used in 
various electrolyte system of machining C13. Usual voltage ranges of 
ECM is 8 to 20 volts, for ECAM it is EO to 40 volts and that of ECDM 
is in the range of 20 to 100 volts depending upon the type of 
workpeice, tool size, electrolyte etc. Typical ranges of the tool 
size and the work-tool gap for these processes are presented in 
Fig. 1.2 Ell. 

Very high current density is attained by ECAM process upto a 
2 

value o-f 800 A/cm and liRR obtained is as high as five times 
compared to ECM and about forty times compared to EDM C13. 

The mechanism of material removal in ECM, EDM and ECAM have 
been investigated thoroughly and understood reasonably well. In ECM, 
electrochemical anodic dissolution causes material removal 
EDM melting, vaporization and mechanical shock are' 




and in 
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AND CURRENT DENSITY RANGES OF THE MACHINING 
USING ELECTROLYTE SOLUTIONS C13 





responsible for material removal producing a crater. In ECAM both 
the mechanisms described above are acting simultaneously. However, 
in ECAM it is the arc instead of the sparks which produce the 
thermal effects- The mechanism of material removal in ECDM is not 
yet very clear and is supposed to be melting, vaporization and 
mechanical shock responsible for the material removal C1,3,19l. 

A major difference between ECAM and ECDM is that, in ECAM 
discharge takes place between the electrodes, but in ECDM it is 
between one electrode and the electrolyte across the hydrogen gas 
bubble . 

1.3 Electro Chemical Discharge C ECD j phenomena 

Electrochemi cal discharge cell primarily consists of two 
electrodes dipped in an electrolyte as shown in Fig. 1-3. Application 
of external potential between the electrodes causes an electric 
current to flow in the cell resulting in electrochemi cal reactions, 
such as anodic dissolution, cathodic deposition, electrolysis of the 
electrolyte etc., depending on the elect rode-electrolyte 
combination. If a suitable electrolyte is chosen and the electrodes 
are of grossly different sizes, then, beyond a certain value of the 
applied potential electric sparks appear at the smaller electrode 
and the cell current drops. This phenomenon is known as 
Elect ro-chemical discharge phenomenon- The mechanism of ECD, by and 
large, is not clear, though the observations of this process have 
established the fact that the discharge takes place due to bubble 
generation resulting from electro-chemi cal reaction and thermal 
processes - 


5 



Large cfectrode — 


FIG 1.3 


Power supply 

+ - 


-c &- 


Tool electrode 


r 


Electrolyte 


SCHEMATIC DIAGRAM OF ECD SET-UP 


a 




1,4 Discharge phenomena In electrolytes 

Electrical discharge can take place either due to the 
dielectric breakdown of the mediurri or due to the switching action. 
When the applied potential between two electrodes separated by a 
dielectric medium is high enough, the breakdown of the medium takes 
place. Sparks appear between the electrodes through the highly 
ionized channel developed due to dielectric breakdown C1,31 shown in 
Fig. 1.4. In a similar manner discharges between electrodes can take 
place when the medium is gaseous one. The required potential 
difference between the electrodes to cause such discharge through 
the air is given by Paschen’s Curve E163 Fig. 1.5. The X-axis 
represents the product of the pressure of the gas and the distance 
between the electrodes. The Y-axis represents the required potential 
difference- For other gases the value of the potential required is 
of the same order. From Paschen’s Curve it can be observed that the 
iiiinimum required potential difference to initiate a discharge 
through an air gap is in the order of 280 volts. Whereas, in the ECD 
cell it has been observed that discharge occurs at an applied 
voltage in the range of 15V to 50V. Hence, it is logical to conclude 
that the discharge in the electrochemical cell is not due to the 
electrical breakdown of the gas bubble C3II. 

The other type of the discharge takes place at the interrupter 
switches of electrical circuit. If the inductance of the circuit is 
L, then at instant of opening the circuit the induced e-m.f- V* , is 
given by V* = - L Cdl/dt) where, "I" is the current at any instant 
of the circuit opening and *‘t“ is the time to break the circuit. 
This e.m.f. is termed as back or switching 
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e-m.f* The energy stored in the inductance is released through this 
spark C33. 

In an ECD cellr hydrogen gas is liberated in the form of 
bubbles at the cathode, due to electrochemical reaction. The contact 
area between the electrode and the electrolyte constricts due to the 
bubble nucleation on the electrode surface. Constriction of the 
current due to the bubble formation causes non-uniformity in the 
current path. The bubble generally grow in size and after attaining 
a critical size, they detach from the electrode surface. Nucleation 
site density of bubble increases with the applied voltage 
(i.e.with the current density) to the cell. When the nucleation site 
density of becomes sufficiently high, substantial constriction of 
the current path takes place at the interface resulting in increased 
resistance. The ohmic heating of the electrolyte also becomes 
significant. This causes the onset of vapour bubble nucleation on 
the electrode surface in addition to the hydrogen bubbles. Beyond 
this stage the number of combined nucleation sites increases very 
rapidly with the voltage. As the nucleation site density reaches a 
critical value, vapour blanketing of the electrode occurs. At this 
stage the points of contact between the electrolyte and the tool 
electrode, known as bubble bridge, blows of instantly due to intense 
heating- Consequently, the current through the circuit drops in a 
very short time span, which is analogous to the switching off in an 
electrical circuit. Discharge takes place along the location of the 
bubble bridge. The bubble dislodge from the electrode surface due to 
bridge blowing off and the contact between the electrode and the 
electrolyte is re-establ ished. This cycle repeats continuously C33. 



1.5 Ceramic Material 


Ceramic materials are assuming increasing industrial importance 
in the machine building and apparatus engineering fields, mainly 
owing to the way in which technological limitations can be overcome 
by the use of these non-metallic materials. 

The name ceramic applies to a wide variety of materials 
including glasses, single crystals and poly crystal 1 ine ceramics. 

We are more concerned of the engineering ceramics, also 
referred to as high performance ceramics, belong to the group of 
oxide and non~oxide ceramics- 

important representatives of the oxide ceramic group are 
aluminum oxide (Al^O^) also known as corundum, followed by zirconium 
oxide (ZrO^) ^nd titanium oxide (TiO^). 

Silicon nitride and silicon carbide are the most important 
members of the group of non-oxide ceramics- 

Ceramics, compared with metals, have peculiar character istics- 
excellent high temperature resistance but excessive brittleness too. 
It should be emphasized that virtually no metals can be used at 
temperature over ilOO'^C without cooling. The ceramics are the sole 
practical materials to be used as structural components. The other 
largest advantage of adopting ceramics as structural components is 
their resistance to fatigue at high temperature and highly corrosion 
resistance at high temperature. 

Ceramic materials are employed on account of their special 
thermodynamic and mechanical properties, and their light weight 
characteristics. High flexural strength in conjunction with low 
density, extreme hardness and hence great brittleness, accompanied 
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by a certain degree of chemical resistance and great mechanical 
strength even at high temperature, are the predominant features of 
ce rami csE 103 . 

1.5.1 Pi ezoeslecir i c cer amics 

The Lead Zirconate Titanate ceramic, Pb(ZrTi)0^, commonly known 
as PZT, has vast application primarily because of its piezoelectr ic 
prope rty . 

Piezoelectric ceramics can serve as transducers between 
electrical and mechanical energy. They can compete with all other 
electromechanical transducers- To be transduced, p»iezoelectr ic 
energy must be applied as elastic energy. Elastic energy storage may 
involve high stresses, limited only by mechanical strength, but 
invariably the relative deformations are small, rarely exceeding one 
part in 1000 C73. 

The piezoeiect r i c ceramics has wide applications in different 
fields such as, phonograph pickups, air transducers eg- hearing 
aid, tuned ultrasonic microphones in remote control of television 
sets, under water sound detection and many more- PZT ceramics have 
become the dominant material for piezoelect r i c accelerometers . 

1-6 Macliird.ng of ceramics 

The investigation about high performance ceramics has advanced 
mainly in the process of fabricating higher strength, highly 
corrosion resistance and temperature resistance materials- 

However, at the present time, in the steps of practical 
application of these materials for structural parts, the development 



of utilization technology becomes more essential. Especially, the 
machining technology of the ceramics will be very important among 
them. 

The problems in machining technology for high performance 
ceramics are to realize lower cost, higher accuracy and higher 
efficiency at the same time. These problems are really common to all 
usual materials- But ceramics are typically brittle materials and 
the strength is decided by the existence of defects. The surface 
flaw formed during machining, influence the strength of a machined 
part- Thus, the reliability of the machined part depends on the 
machining process, cons iderabl> . This point is the most important 
one particularly in ceramic jachining. But the requirement of high 
efficiency and reliability are contrary to each other. Therefore, at 
first, most suitable machining conditions for the individual 
requirements must be searched experimentally, and then optimum 
conditions for both requirement should be evolved and employed. 

1 . 7 Literature sur vey 

The grinding process by a diamond wheel is the most widely used 
machining method for high performance ceramics- However the low 
accuracy and efficiency and large wheel wear are its major 
drawbacks. During grinding of ceramics the normal forces are 
unusually high, compared with the tangential ones. This ratio may be 
as high as ten to twenty for silicon nitride. This high normal force 
gives rise to elastic deformation of the structural parts of the 
grinding machine, leading to inefficient cut of the specimen. This 
results in low machining efficiency and also low finishing accuracy 
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Some newly developed ceramics, such as ZrB^r fraction bonded 
silicon carbide (RB~SiC) and SiC fiber reinforced Si^N^ are 
electro-conductive which can be machined using EDM regardless of 
their hardness, strength and brittleness. But the non-conducting 
ceramics still remainsunmachined because of the limitation of this 
process C6,10,15 & 173. Comparing with grinding, it is easier to 
make a complex shaped member with an EDM process. 

The typical relationship between the machining conditions, 
pulse current and pulse duration vs removal rate is shown in 
Fig. 1.6. MRR increases with the increase in pulse current and pulse 
duration. The surface rough* «s was increased with increase in pulse 
current and pulse duration. pulse current had more influence on 
the surface roughness and pulse duration had more effect in 
degrading the strength of the material C6, 10, 15, 173 . 

As laser machining doesn’t need mechanical force, it has the 
advantage of flexibility for the work shape, easy setting up and 
high machining rate- With an increase in the power of the laser, 
cutting rate becomes several times more but the machined surface 
finish becomes poorer. Even at at low cutting rate which gives good 
surface finish, there is always a possibility of inducing thermal 
cracks. Thickness of heat affected layer which deteriorates the 
strength of the machined component was found to be around 7Qum 
E6,E03. 

A comparison of ECDH with USli (ultrasonic machining) has been 
made by Kumar CE13. ECDM is reported to be having some distinct 
advantages over USM. The initial investment required for UBM would 
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be larger than that required for ECDM, The penetration rate of 
2rTifTi/min obtained in ECDM is 1.5mm/min faster than obtained in USM 
(using stainless steel circular tool of 1.6mm diameter). Moreover, 
the surface roughness of about 0.3 microns obtained with ECDM is 
also smaller by 0-5 microns obtained with USM (for a glass 
workpei ce ) . 

ECDM has been successfully applied by Tandon CIST and 
Sreenivasa C193. Effect of voltage, electrolyte conductivity, fiber 
volume fraction and tool diameter on MRR (material removal rate), 
tool wear rate <TWR>, relative tool wear and overcut were studied by 
them- 

Tandon C1S3 reported increase in MRR, TWR and overcut with 
increase in voltage and electrolyte conductivity, and with decrease 
in tool diameter. Fiber volume fraction was reported to have no 
effect on TWR and overcut and slight decrease in MRR with increase 
in fiber volume fraction. 

Sreenivasa C19I! reported, increase in MRR, TWR and overcut with 
increase in voltage, NaOH electrolyte con cent rat i on upto EOX beyond 
which it decreased, primarily because the specific conductance 
decreases beyond 20X concentration. 

Cook, Foot, Jordan and Kalyani L41 have studied the discharge 
machining of glass. The process is shown to be electrolyte 
sensitive, and also varies somewhat with polarity. Further, for a 
given voltage, the rate of machining decreases with time. Machining 
rate increases both with concentration and temperature of the 
electrolyte. A pulsed d-c supply was also used to test the effect of 
high frequency pulse current. It is found that for pulsed power 



supply, with pulses in micro-sec range, MRR increases by a factor of 
two. More striking is the effect of pulsed power (jtis or on the 
surface finish. The surface produced by pulsed power is found to be 
much smoother than that from a d—c power supply. 

A special mention needs to be made about the sparking in ECM- 
Larsson and Bauxter L113 discussed about the reasons for sparking in 
ECM. For sparking to occur, metal-t o-metal contact does not seem to 
be necessary- The onset of sparking coincides with the formation of 
large bubbles- Such bubbles blanket a much larger area of the 
electrode than the more spherical bubbles. The sparking between the 
electrode and the electrolyte was seen when two wire electrode were 
held just touching onto the surface of static electrolyte with a 
voltage of 100 volts- Potential gradient is probably more important 
than the potential difference- In an ECM cell, if the cathode 
becomes covered with a layer of thin, large area bubbles, the 
current will be coTiducted by the streamers of the electrolyte 
between the bubbles thus causing a high potential gradient- 

According to Loutrel and Cook C123, fields in the order of 
10 V/cm are generally required to produce field emission arcs in the 
dielectrics. For the case of the electrolyte found in ECM, they 
theorize that arcs always form across voids- If the voltage gradient 
across the voids exceeds the dielectric strength or breakdown 
voltage, an arc will occur. Once an arc has initiated, it may either 
die or grow larger- After an arc has initiated, the heat produced 
will begin to vaporize the surrounding electrolyte. In extreme 
machining conditions, the arc will continue to grow, bridging the 
gap and causing melting of the electrode surface. This is a typical 


failure point in ECM. 

Loutrel C1ED has suggested the following seven mechanisms 
leading to high voltage gradients in the presence of voids : 

(1) electrolytic gas evolution at the electrode surfaces, 

(2) depletion layer, 

(3) electrode passivation and activation over voltage, 

(4) local stagnation of flow, 

(5) steam generation and cavitation, 

(6) vapour blanketing of the electrode surfaces, and 

(7) particles in electrolyte flow. 

McGeough and Crichton C13D have reported, from the observation 
made using high speed photography that both spark and arc discharges 
are possible in an electrolyte. According to them, on application of 
a voltage pulse between two electrodes immersed in an electrolyte, 
three phenomena may occur s 

(a) electro-chemical action only (as in normal ECM), 

(b) electro-chemical action followed by discharge between one 
electrode and the electrolyte, and 

(c) electro-chemical action followed by discharge between the 
electrodes. 

Cook et.al C43 conducted experiments with ECD for machining 
glass and other electrically non-conducting materials and identified 
the applied voltage, tool polarity, electrolyte temperature and 
concentration as input parameter for determining the MRR. They 
suggested that the possible mechanism of material removal in ECDM 
could be due to the thefmo-mechanical , chemical, field effect or due 
to some other unknown effects. Cook et.al did the experiments with 
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positive tools but Umesh Kumar LEM had concentrated on negative 
tool. He noticed that the discharge vanished with the flowing 
electrolyte- The mechanism of material removal suggested by him were 
thermo-mechani cal and electrochemical action. 

Allesu C13 conducted experiments of ECDM- Glass wafer of 0-2 mm 
thickness was cut along the length using razor blade. He suggested , 
mechanism of material rerrioval depends on thermal heating, cavitation 
and electrochemical action. He also examined the effect of the 
electrolyte flow on the discharge voltage and found that the 
discharge voltage increases with the electrolyte flow velocity. The 
most useful observation made by him is the distribution of voltage 
drop in an ECDM (Fig. 1.7) and the sources of the resistance 
(Fig. 1 .8) . 

Recently, Indrajit Basak C33 conducted experiments on ECD and 
ECDM. He laid major stress in determining the critical voltage and 
critical current to onset a discharge for different given condition 
and to explore the possibility of enhancing the MRR character ist ics 
of ECDM. The electrolyte and its concentration are the leading 
factors to determine the critical voltage for discharge initiation. 
Along with, these two factors the equivalent surface area of the 
tool electrode determines the critical current. The electrode 
material has no significant effect on critical voltage or critical 
current. He suggested that by introducing inductance in the ECD 
circuit, more than 200/1 increase in MRR can be achieved. He also 
suspects that this enhancement of the MRR is achieved at the cost of 
the surface quality. Therefore, such extra inductance can be 
employed only for rough machining operations. 
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(mm) ~ few pm 


FIG 1.7 DISTRIBUTION OF VOLTAGE DROP IN AN EC 

CELECTROLYTE - SODIUM HYDROXIDE (35 7.); POWER 
D.C.D C13 


Power supply unit 


FIG 1.8 



Re= Electrolyte path resistance 

R| = Tool -Electrolyte interface resistance 

R2= Non-machining electrode-electrolyte 
interface resistance 

R| Fluctuates depending on voltage 


RESISTANCE IN ECD (NON-CONDUCTOR HACHINING) 
CONFIGURATION C1T 
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1,8 Obj€?c*tive and Sciope of prosenl work 

The objective of present work is to fabricate a t rave 1 1 ing-wi r e 
el ect ro’-chemi cal spark machine <TW~ECSM). The machine should be 
capable of slicing the specimen. The performance of the machine is 
to be estimated. 

In the second part, the feasibility of ECSM process for the 
machining of partially electrically conductive materials like 
piezoelectric ceramics, carbon fiber epoxy composite etc. is to be 
established. In piezoelectric ceramics, emphasis is made on Lead 
Zirconate Titanate <PZT). 

The parameters (supply voltage and electrolyte concent rat i on ) 
and responses (material removal rate and average diametral overcut) 
are to be evaluated. 
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CHAPTER 2 


DESIGN OF THE TRAVELLING WIRE ELECTRO-CHEMICAL SPARK MACHINE 

2-1 Intr oduction to the machine 

The Travelling Wire Electro Chemical Spark Machining CTW~ECSM) 
machine has been deigned keeping in view the fundamental mechanism 
of the process and the ba.sic requirements- The complete schematic 
drawing of the machine is shown in Fig. 2-1- 

The TW~ECSM machine can be primarily divided into four distinct 
parts s 

1- The workpiece holder, workpiece depth control mechanism and 
feed mechanism to the workpiece. 

2- The wire drive mechanism and the electrode fikture. 

3. Electrolytic tank. 

4. Power supply. 

2.2 Specif ication and Constraints on the TW-ECSM Machine 

The following points have been considered in designing the 
TW~ECSM machine. 

(i) Force exerted by the workpiece on the wire is negligible- 
It is assumed that there is no physical contact between 
the two 

(ii) Maximum weight of the workpiece, < 800 g 

(iii) Vertical adjustment range of the workpiece of 25 mm 
Fine adjustment of the workpiece to control its depth 
inside the electrolyte 




(iv) 




pi 

W 


SCHEMATIC DIAGRAM OF TRAVELLING WIRE ELECTRO CHEMICAL 
SPARK MACHINE (TW-ECSM) 



<v) The workpiece surface fiiust remain horizontal. 


(vi) The cutting wire should not break frequently. 


2- 3 Design of the Machine 

The machine has been designed by breaking the whole machine 
into four distinct sub— assembl ies . Each sub-assembly has been 
further subdivided irito smaller units for ease of fabrication and 
proper functioning of the unit. 

S. 3* 1 Workpiece Holder^ Depth Control Mechanism and Feed Mechanism 

The workpiece holding device is to hold the workpiece rigidly 
during the cutting process. 

The workpiece holder is assembled with depth control mechanism. 
A vertical adjustment range of 25 mm can be made to control the 
depth of the workpiece in the electrolyte- The workpiece holder is 
made of plexiglass to have its low weight and to avoid conducting 
material inside the electrolyte. Fig. 2. 2 shows the sub-assembly of 
the workpiece holder, depth control mechanism and feed mechanism. 

The machine is designed to provide only linear sliding motion 
of the workpiece. The feed is given to the workpiece for which very 
low' friction, rolled ball screw is used. A stepper motor is coupled 
to the ball screw to provide a very small and accurate movement to 
the workpiece. The T-block (ref. appendix A) to which nut of the 
ball screw is mounted is supported on a low friction linear motion 
(LM) slide. The details of the components can be viewed in Appendix 
A. 




WORKPIECE HOLDER, DEPTH CONTROL AND FEED CONTROL 



S, 3- 2 The? Wir e Di ive Mechanism and Anode Fixtur e 

A fTietdllic wire, working as the cathode, traverses from a feed 
spool through a set of pulleys to a take-up spool (Fig. 2. 3). A 
stepper motor drives the take-up spool to pull the wire gently at a 
constant speed. An anode of graphite is attached to the pulley mount 
and can be adjusted to maintain its distance from the cathode 

(wire). Also, this whole mechanism can be moved up by a sliding 

mechanism so as to clear the space for mounting a new w*ork piece or 

threading a new cutting wire through the pulleys. The details of the 

components are shown in Appendix B. 

3. 3 El&cLr-olyt. Ic Tarik 

A tank made of plexiglass walls holds the electrolyte, of size 
300X lOOxSOmm . The tank being of plexiglass, cross-conduction does 
not affect the ECSM process. The tank is shown in Fig. 2.1. 

2. 3. 4r Power* Supply 

A smooth rectified DC is supplied to the electrode. The 
connection of the supply at the anode and the pulley on which the 
wire slides, is shown in Fig 2.1. 

The basic parameters selected for the power supply were 
Voltage = 100 Volts (Max.) 

Current = 25 Amps 

Fig. 2.4 shows the schematic connection for smooth rectified 
output. A diode bridge (diode specification 2SM70) is used for 
rectification of A.C. and a bank of capacitors of capacitance 1980 
pF and 400 Volts is used for filtering the ripples. 



M 





Z 



Ui 

or 

-J 


$ 



o 

O 

o 



H 


o 

H* 

o 


u 

Z 


z 

o 

D. 

-J 

Ui 

D 


<I 

r 

CD 

o 

z 

O 





o 


r 


UJ 

cc 

Cl 

0. 

o 


CD 

h- 

UJ 

D 

CD 

z 

> 

> 

M 

CL 

1 


H 

Ui 

Ui 

X 

CL 

lU 

Q 

Q 


«j 

CL 

UI 

:x: 

UJ 

M 


-j 

<I 

h" 

<T 

Ui 

«J 

D 

D 

DC 

CD 

H 

U. 

CD 

a 

CL 

O 

• 

• 

• 

■ 

K 

• 

• 

T- 

Cvj 

CD 


in 

>0 




Ui 

a 

Ui 


CL 


sr 

o 


3 



SCHEMATIC DIAGRAM SHOWING THE WIRE FEED MECHANISM 






2.4, Working of Ihe Machine 


The whole ECD machine can be viewed in the plan and elevation 
drawing, shown in Fig. 2. 5(a) & 2-5( b) respect ively. The support 
T-block is screw tightened to both the rolled ball screw and the 
LM-slide. The ball screw is coupled to the stepper motor with the 
help of a coupler. The rotation of the motor shaft now causes the 
support T-block to slide along the Lli-guide in a horizontal plane. 
The support T~block is assembled with the depth control mechanism 
and workpiece holder on which the sample is mounted- By adjusting 
the speed of rotation of the motor we can adjust the feed of the 
workpiece. 

The wire as the cathode, is driven with the help of a stepper 
motor- The speed of the wire can be adjusted by controlling the 
rotation of the motor- 

The smooth rectified DC is supplied to the electrodes through a 
connection on the anode ( g raph i t e > and the copp»er pulley to the wire 


cat hode . 
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LINEAR MOTION SLIDE 
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SLIDING MECHANISM SUPPORT 

TAKE UP-SPOOL 

WIRE BASE 

FEED SPOOL 

WORKPIECE HOLDING DEVICE 

DOVETAIL SLIDE 

WIRE DRIVE MOTOR 

WIRE BASE SUPPORT 

ELECTROLYTE TANK 

SPOOL BRACKET 

PULLEY MOUNT 

LIFT SCREW NUT 

LIFT SCREW 

JOINT PLATE 

HANG ROD 

MAIN STRUCTURE 
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FIG 2.5 ELECTRO CHEMICAL DISCHARGE MACHINE 



CHAPTER 3 


EXPERIMENTATION 


3.1 . Expert merit al Set-Up 

Already available limited results of the previous invest igators 
C18, 19, 213 formed the starting point and provided the guidelines 
for the exper imentat ion in the present work. 

The power was taken from A.C. mains through a variac, step— down 
transf ormer , bridge rectifier and capacitor bank- The output was 
smooth rectified D-C. 

In all the experiments, the nonmachining electrode (i.e. anode) 
was the graphite plate (50x25x5mm) and positioned approximately 6 mm 
away from wire (cathode). 

The potential was applied across the fixed copper pulley 
(cathode) on which the wire slides, and the graphite plate (anode). 

An oscilloscope was connected in parallel to the D.C. power 
output for observing the voltage waveform- A digital voltmeter was 
also connected in parallel to record the supply voltage. 

A conductivity meter is used to record the specific conductance 
of the electrolyte and a thermometer to measure the temperature. The 
initial conductivity of the electrolyte at the start of each 
experiment of a given concent rat ion was kept in the range of /- 
of the fresh solution- 

The feed was given to the workpiece, mounted on the ball screw 
and the LM-slide, with the help of stepper motor coupled with the 
ball screw. The stepper motor was controlled using the uni-step 
motor controller. The minimum feed which could be achieved by the 
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present controller was 0.009 frirri/s. This was larger than the cutting 
rate observed during the experimentation. So the feed was 
controlled manually to avoid the arcing for a longer period. 

The brass wire of 0.5mfTt diameter was selected as tool 
(cathode). We could not go for lower diameters as it was not readily 
available. The wire is driven with the help of the stepper motor and 
its controller. The speed of wire within an experiment was kept 
constant. However it was changed from one experiment to another 
depending upon the frequency of wire breakage ( which was a function 
of voltage and con cent rat i on ) . 

The change in voltage waveform (sharp and random peaks) 
indicated the onset of a spark. This minimum voltage required for 
initiating the spark is known as the discharge voltage. 

The workpiece machined is a piezoelectric ceramic. Lead 
Zirconate Titanate (PIT), in the form of circular disc pellets of 
diameter 11 mm and thickness of 2-3 mm. The workpiece was immersed 
in the electrolyte at the depth of approximate ly 5mm. 

An overall view of the TW-ECSM setup and the associated 
instruments can be seen in photograph no. 3-1. The wire feed device 
is shown in photograph no. 3. 2 and workpiece sliding mechanism in 
photograph no ^ 3. 3. 

Electrolyse: 

The experiments were conducted with sodium hydroxide (NaOH) 
electrolyte, as it had higher specific conductance compared to 
sodium chloride (NaCl). The solution of different concent rat ion was 
prepared by weighing the NaOH pellets on a single pan microbalance 
(accuracy of O.OOOOIg' )- The Table no. 3.1 gives the weight of NaOH 
required for a concentration and the associated normality. 




PHOTOGRAPH NO. 3. 1 


OVERALL VIEW OF TRAVELLING WIRE ELECTRO 
CHEMICAL SPARK MACHINE ALONG WITH ASSOCIATED 
INSTRUMENTS 


PHOTOGRAPH NO. 3. 2 


WIRE FEED DEVICE 




The weighing was done upto four places of decimal on electronic 
alance (accuracy of 0-0001 g). 

. xi ng: 

Intimate mixing of the powder constituents is necessary to 
liminate inhomogeneity of the compound and to obtain good 
■operties. This is achieved by taking weighed amounts of PbO, ZrO^ 
TiO^ in a polyethylene jar and milling, using alumina balls in 
iple distilled water medium. The container is sealed and kept for 
lling for 5 hours. The slurry is then dried in an oven at 70”C for 
^ hours. 

lei mat ion: 

After mixing, the dried powder is calcined. The purpose of 
Icination are: 

1. To remove water of hydration, car bon-di~ox i de from 

carbonates, and any volatile impurities. 

2- To effect thermochemi cal reaction among the constituent 
oxides to form the desired solid solution. 

3. As a consequence of reaction, to have reduced volume 
shrinkage in the final firing. 

Ideally the temperature of calcination is chosen high enough to 
ise complete reaction, but low enough to permit easy grinding C73. 

In our study the dried powder was taken in a pure alumina 
icible, properly covered as shown in Fig. 3.1 and were then 
.cined at 960'^C for 2 hours. 



TABLE 3. 1 


Con cent rat i on 

(weight Z) 

Normal i ty 

Weight of NaOH 

(g/lit) 

8 

EN 

80 

15 

3.75N 

150 

EO 

5N 

EOO 

25 

6.25N 

250 

30 

7.5N 

300 


The specific conductance of NaOH solution at various 
terripe rat ur e and concentration L33 is shown in appendix F. 


5. 2 Sample Prepar at ion 

Lead Zirconate Titanate, a piezoelectr ic ceramic, having a 
composition given by Pbilr^ 465^^3 selected. This 
composition corresponds to the morphotropic phase boundary and 
yields the highest piezoelectric properties. 


Mlaterial Composition: 

The details of the chemicals used are given in Table no-3.2. 

Table 3.2 


Chemi cal 

PbO 

ZrO^ 

TiOg 

Purity 

987. 

99.57. 

987. 

Holal ratio 

1 

0.535 

0.465 

Weight (g) 

55.7975 

16.4718 

9. 2860 

Manufacturer 

Loba Chemie, 

Indian Rare 

Sarabhai li Chemicals, 


Bombay 

Earth, Kerala 

Bar oda 










Atmosphere powder 

Platinum crucible 

RecrystoHised 
alumina crucible 


PZT powder 


FIG 3.1 SCHEMATIC DIAGRAM OF CRUCIBLE ARRANGEMENT DURING 

CALCINATION 
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Gr 1 ndi ng and Si e? vi ng : 

Grinding prepares the reacted mate rial for ceramic forming and 
also helps to homogeniae the compositional variations that may still 
exist. The powder was crushed in a mortar pestle and passed through 
100 mesh screen. 

Pelletization: 

The powder is mixed thoroughly with £7. poly vinyl alcohol (PVA) 

solution in water, which acts as binder, and kept in oven at 70^0 

for 15 hours. 

The dry powder (mixed with PVA) is compressed in a hydraulic 
press to form pellets of required size and shape using a die. The 

pellets are pressed in a 12mm diameter die at 550 MPa for 2 miin. 

Sinter ing I 

Lead zirconate titanate bodies typically mature in the 
1200^-1300*^0 range. These ceramics are subject to loss of PbO which 
can be prevented by including atiriosphere powder in the refractory 
enclosure in which the pellets are sintered. The atmosphere powder 
is a mixture of Lead Zirconate, PfaZrO^ (also known as PZ) and lOwt X 
PbO. 

The sintering was done in two steps, first at 600^0 for 2 hours 
to remiove the PVA binder and the second at 1200''C for 2 hours. 

The configuration of the crucible arrangement during sintering 


is shown in Fig. 3. 2. 




Alumina crucible 
AI2O3 fXJwder packing 

■Recryslallised alumina 
crucible 
Sample 

Alumina sheet 
Platinum disc 
Atmosphere powder 
Alumina powder 


SCHEMATIC DIAGRAM OF CRUCIBLE ARRANGEMENT DURING 
SINTERING 
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3,3 Machining Experiments 

Supply voltage and concentration of the electrolyte were 
considered as controllable parameters and their effects on material 
removal rate (MRR) and average diametrical overcut were studied as 
responses of the process. 

The aqueous solution of NaOH was prepared and kept for 
sufficient time to dissipate the heat of reaction (as exothermic 
reaction takes place) and cool down the solution to room 
temperature. The specific conductance and the temperature of the 
electrolyte was recorded before the start of each experiment. After 
each experiment the solution was cooled down to the room temperature 
and filtered to remove the sludge formed during the experiment. The 
conductivity variation of the electrolyte was kept within the range 
of +10 */. compared to the value of fresh electrolyte at room 
temperature. In case the value was more than +10 7., fresh 
electrolyte was prepared and used. Appendix E gives the procedure 
for Pleasuring electrolyte conductivity. 

The machining time was kept quite low (2-15 min) to avoid the 
dynamic changes occurring during the process in the electrolyte. A 
fan was used continuously to dissipate the heat generated during the 
machining process. In a set of experiments of same concentration and 
varying supply voltage the machining time was kept constant unless 
some p-roblem arises during the cutting processr like, heavy arcing 
for long period or wire breakage due to arcing, rust or twist in the 
wi re . 

After machining, the workpiece was cleaned, dried to evaporate 
the w-ater remaining on the surface and reweighed, with the help of a 
mi cro Jijalance (accuracy of O.OOOOIg). 



The amount by which the width of the machined slot exceeds the 
wire diameter , known as the Diantj&tr-al Ov^rcut (shown in Fig. 3, 3), 
was measured at a magnification of x10, with the help of a 
shadowgraph. The wire diameter was also measured on the shadowgrap'h . 

Wire speed was estimated from the product of the 
circumferential diameter of the spool and the rate of revolution. As 
the wire keeps on accumulating at the same point, the effective 
circumference of the of the wire increases with time, consequently 
the speed of the wire is not constant <V=ajR>. So after each 
experiment the wire is unwound from the take-up spool to reduce the 
speed error. 

The responses thus obtained are p>lotted using grapher package 
to analyze the effect of supply voltage & concentration of the 
electrolyte on the MRR and overcut. Here, the author would like to 
emphasize about MRR in wire cutting machines like wire— EDM and 
wire-ECSM. In these machines, the performance of the machine and 
efficiency of the process is usually evaluated by Material Removal 
Rate (length, area) instead of MRR (gram or volume). 

The current could not fae recorded because of unavailability of 
high amperage ammeter (20-25A D.C.). 

Few simple preliminary experiments were conducted to check the 
results obtained by the previous investigators. The following 
variations were studied through the set of experiments: 

1. The variation of current with the length of the 
wire (cathode) immersed in the electrolyte. 

2. Effect of gap between cathode and anode on current and 


voltage . 




w - WIDTH OF CUT 
D - DIAMETER OF WIRE 

diametral overcut - W-D 
radial overcut - cW - D} / 2 


FIG 3.3 


DIAMETRAL OVERCUT 



Surface? Arialysis : 

The machined 
Scanning Electron 
machining point of 


surface characteristics were analyzed on 
Microscope(SEM). The properties studied 
view were surface cracks & resolidified layer 


the 

f rom 


CHAPTER 4 


RESULTS AND DISCUSSIONS 

4« 1 Mecharii&m of ECSM process 

Th8 file c han i srri of ECSH process is still not very clear- As 
already discussed in section 1.4, the sparking takes place across 
the tool electrolyte interface probably because of high potential 
gradient developed across the hydrogen gas bubble evolved at the 
cathode as a result of electrolytic action. It is observed that the 
reaction accelerates with the concentration of the electrolyte and 
consequently the irii nifiiufri voltage for discharge onset (known as 
Discharge Voltage V decreases with the increase in concentration 
up to 20 wt% and then remains constant up to 30X of concentration 
(as beyond 30% cone. expier iments were not conducted). This is 
probably because a minimum potential gradient is required for the 
break— down of hydrogen gas bubble in the form of a spark. With an 
increase in the concentration of the electrolyte, the conductivity 
of the electrolyte increases, reducing the path resistance; hence 
the supply voltage required for discharge reduces. 

The discharge results in the generation of heat in a very small 
localized area. Machining takes place, because the workpiece is in 
contact with the tool where the spark is occurring. The various 
possible mechanisms by which the material may be removed are: 

1. Melting and vaporization of the work-material, 

2. Electrochemical action and 

3. Mechanical erosion. 



evolved at 


Due to sparking, large amount of localized heat is 
the t oo 1 ~wo r k pi e ce interface, which melts and evaporates the work 
mate rial. 

PIT being partially conducting electrochemical action might 
have played a role in material removal. During the cutting process, 
the temperature, in the vicinity of the PIT cut surface, is very 
high- Bo there might be electrochemi cal reactions causing material 
to be removal. Though detailed examination of this has not been 
done - 

The mechanical erosion may occur due to cavitation effect of 
the gas bubbles- The discharge is a result of violent rupture of the 
hydrogen gas bubble. 

Besides this, the workpiece being electrically conductive, 
arcing occurs at the location where the debris gets entrapped in the 
cut slot or due to twist and bend in the wire, causing contact of 
the workpiece (PZT) and the wire. This results in a localized larger 
removal of the material and larger overcut at certain regions as can 
be observed in the shadow graphs shown in Fig-4-1(a) and 4.1<b). 

4.2 Cutting of PZT Ceramics 

The result of travelling wire electrochemi cal spark machining 
of PZT ceramic is presented in this section. 

The experimental results are plotted, for understanding of 
effect of supply voltage and electrolyte concentration on HRRg and 
diametrical overcut. The plot indexes viz- ^7 x-.., are 

experimental values obtained under different conditions. The 
machined PZT specirriens using ECSM can be seen in the photograp»h 4-1- 







8/ J^mENT( 


concentration 






30JJ a)NCENTRATtON 


='HOTO^^H NO. 4.1 


SHOWS THE PZT CERAMICS MACHINED AT DIFFERENT 
EXPERIMENTAL CONDITIONS USING TW-ECSM 
PROCESS 



The symbols, 

'S* stands for specimen no., 

'V* for supply voltage and 

'!• for the machining lime, in the photograph. 

4.2.1 Material Removal Rate 

Material Removal Rate (MRR) is defined as the amount of 
material removed in unit time. When the material removed is measured 
in grams the corresponding MRR is known as Gram Material Removal 
Rate (MRRg). The effect of supply voltage on MRRg for machining of 


PZT specimen 

is shown by a solid 

line in the 

F i g . 4 . E 

for 30 7. 

electrolyte 

concentration. MRRg 

is seen to 

increase 

with the 


increase in supply voltage at constant feed rate of 0.009mm/s. 
Increase in supply voltage implies higher discharge energy and hence 
more MRRg. 

Other eKper imental values are not joined in the form of a curve 
as in those cases the experiments were not conducted with constant 
feed. In such cases feed was controlled by stepper motor but, at the 
instant of arcing it was manually interrupted- As soon as arcing was 
over it was again controlled by the stepper motor- This was done in 
order to avoid excessive overcut due to heavy arcing. This can be 
confirmed from the Fig-4.6 which shows that the overeat for EOX 
electrolyte concentration is much low than with a constant feed 
(with arcing). The experimental values are symbolized on the plot. 

The material removal rate (length), flRR^, defined as the length 
of cut achieved in unit time is plotted in Fig. 4. 3, for the PZT 
ceramic at 30X electrolyte concent rat ion and a feed rate of 

C£N-;:tK:_ IC-RARY 





MRR (LENGTH) mm/min 



FIG 4,3 EFFECT OF SUPPLY VOLTAGE ON MRR(LENGTH) 



0.009rr.m/s. The flRR^ is seen to increase with the supply voltage for 
the reason that the discharge energy increases with the increase in 
supply VOlt.39^" 

The material removal rate (area), MRR^, is the area (product of 
length of cut and thickness of the specimen) removed in unit time. 
The MRR^ also increases for the reason that as the length of cut 
increases the should also increase. The plot in Fig. 4. 4 shows 
the MRR^ for 30 wt% electrolyte concentration and feed rate of 
0. 009mm /s . 

The effect of electrolyte concentration on MRRg at 20 volts of 
supply voltage is shown by a solid line in the Fig. 4. 5. MRRg 
increases with an increase in the electrolyte concentration up to a 
certain value i.e.20 wtX concentration, and then decreases. This is 
due to the fact that the specific conductance of NaOH solution 
increases approximately up to 20 wtX concentration. Theoretically, 
maxiirium specific conductance of NaOH solution is around 22.5 wt/( for 
most of the higher temperature range (50-60'^C), and after which it 
decreases (Refer Appendix F). An increase in specific conductance 
means an increased electrolyte conductivity (low path resistance) 
and consequently more electrolytic current. The process of 
electrolysis is accelerated by an increase in the electrolytic 
current. This results in a greater rate of evolution of hydrogen gas 
bubbles at the cathode surface. Since the sparking occurs across the 
bubbles, an increased rate of hydrogen gas bubbles formation implies 
an enhanced rate of sparking and hence higher MRRg. Therefore, MRRg 
is found to increase with the increasing concentration up to 20 wtX 
and then decreases on further increase in the concentrat ion . 



MRR (AREA) sq.mm/min 



RG 4.4 EFFECT OF SUPPLY VOLTAGE ON MRR(AREA) 



MRRg (mg/min) 



CONCENTRATION (wt. percent) 


FIG 4.5 EFFECT OF CONCENTRATION ON MRRg 


of the 


Here too, the other points are not plotted because 
reasons mentioned above. But it can be seen that for the different 
supply voltages the peak MRRg is at around 20 wt7. of the electrolyte 
concentration. Table no. 4.1 gives the observed values of the MRRg in 
mg/fTiin . 


4.2.2 Aver age Diamet r al Over cut 

In most of the cases, overcut was measured at four different 
locations, taking values at 0, L/3, 2L/3 and L as shown in 
Fig. 4. 1(a), L is the length of cut and d is wire diameter, except at 
those locations where the overcut is exceptionally high Cfor example 
Fig.4-1(b), S2HD. The average of these readings was used for 
plotting. The dependence of the average diametral overcut on supply 
voltage can be viewed in the Fig. 4. 6- With the increase in the 
supply voltage, the current density increases resulting in high 
elect rochemi cal reactions evolving large amount of hydrogen gas 
bubbles. This probably increases the frequency of sparking (no. of 
sparks per sec.) and the energy per spark, removing large amount of 
material from the specimen in the same time as at lower supply 
voltages, hence wider cuts- 

Only for 30 wt'/. electrolyte concentrat ion experimental points 
are joined as a curve for the reason that the feed for other 
experiments was not constant to avoid arcing during the machining 
process. This can be seen from the plot in Fig. 4. 6- Compared to 15X 
electrolyte concent rat ion curve, the overcut for SOX electrolyte 
concentration is quite high. Generally, the average overcut for 
other experiments is found to be in the range of 0.3 to 0.8mm for 



i.^fTifTi wire diameter 


TABLE 4. 1 


Supply 

Material Removal Rate (MRRg) mg/min 

Voltage 

Lonc.o^ 

Lone .15^ 

1 Cone. 20% I 

1 Cone. 25% ! 

1 Cone. 30 

2 0V 

-- 

— 

7 , 

,213 

14, 

,010 

8, 

.394 

5. 

,620 

2 5V 

6 . 

, 609 

7 , 

. 280 

13, 

.206 

- 

— 

7 . 

, 316 

30V 

9 . 

,044 

10 , 

.140 

12. 

. 760 

11 , 

,328 

12. 

, 646 

35V 

8. 

,198 

10 . 

.113 

19. 

. 803* 

11 , 

.617 

15. 

, 288 

40V 

8 . 

,747 

lo'. 

. 307 

13. 

, 131 

16 , 

.863 

-- 

— 

4 5V 

10 . 

, 285 

-- 

— 


— 

11 , 

.814 



- — — 


* Very hleh value, not considered in the plot 


TABLE 4.2 


Supply 

Voltage 


20V 

25V 

30V 

35V 

40V 

45V 


0.421 

0.714 

0.490 

0.474 

0.726 


Average Diametral Overcut (mm) 


Conc.lSt Cone. 20 


0.372 


% 

Cone .20 

% 

Cone . 25 

BUM 


0.560 
0.542 
0.670 
0.579 
1 .738 


0.405 

0.355 

0.518 

0.447 


0.502 


0.434 

0.528 

0.663 

0.682 



1.260 
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FIG 4.6 EFFECT OF SUPPLY VOLTAGE ON OVERCUT 
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FIG 4.7 EFFECT OF CONCENTRATION ON OVERCUT 


The effect of electrolyte concentration on average diametrical 
overcut is shown for E5volts of supply voltage in the Fig. 4 . 7 . Here, 
even after 20 wt7. of electrolyte concentration the overcut keeps on 
increasing. This is due to the fact that as the length of cut 
increases, the probability of arcing increases, for the reason that 
there are more chances of the debris being present in the slot which 
(r,ay lead to arcing. Thus, increasing average diametral overcut. 
Table 4.2 gives the observed values of average diametral overcut. 
Fig. 4 . 8 shows the shape of the cut obtained in machining of the PZT 
ce ranrii cs . 

Table 4.3 gives the details of the machining parameters of the 
PZT specimens. 


4.2.3 Sen-face Integrity 

The surface structure was studied on SEM. It was observed that 
the PZT grains after machining had acquired small round granule form 
as compared to the cluster of grains in random shape of the initial 
PZT sample. This can be seen in the Photograph no. 4. 2. This is due to 
the fact that large heat generated during the cutting process melts 
the PZT, which recrystallizes in round shape because of the surface 
tension. This also confirms that the material removal is by melting 
and vaporization. 

Photograph no. 4. 3 shows the crack developed at tt'S machined 
surface. The probable reason for the crack is rupture of large 
hydrogen bubble in the vicinity of the sf^ecimen. At high sup>ply 
voltages, the potential gradient becomes sufficiently high to Cduse 
the larger bubbles rupture and release heat of spark. This violent 
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fig 4 . 


a) S13, 30V, C0NC.20/: 
X2-2= 


(b> S21, 20V, C0NC.30X 



( c ) S24 , 35V , CONC . 30% 


SHOWS THE SHAPE OF GROOVE CUT 
TW-ECSM PROCESS, TAKEN ON SEM 


IN PZT CERAMICS USING 
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The following chart shows the specimen 

parameters - 


no 




an d its ma c h i n i 



It signifies the specific conductance of 
electrolyte . 
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) UNCUT SURFACE OF P2T CERAMICS 


(fa) CUT SURFACE OF PZT C£ RAMI 
32 , 30V , C GNC . S'/l ^ X SO® o 


HOTCX3RAPH NO. -i. 2 


THE STRUCTURE OF PZT CERAMICS TAKEN ON SEM 
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SE, 30V, CONC.SX 
X Stj 


PHOTOGRAPH NO. A. 3 


SHOWS THE CRACK OBSERVED IN MACHINED 
CERAMICS ON SEM 


f a c t D r s 


rupture causes mechanical shock which may be one of the 
responsible for the damage of the specimen by introducing cracks. 
Sometimes chipping of the surface layer is also caused as can be 
seen in photograph no. 4. 6(a). 


4. 3 


The spark 
the electrolyte 
order of 3 mm. 


of the ECSM process 
is observed over the 
(approx. 60mm)- The 


full length of wire 
specimen t h i c k ness 


immersed in 
is in the 


Therefore , approximately , 
energy is utilized- Large amount of 


(3/60) x100 = 57. of the 

energy is being wasted- 


whol e 


4.4 Miscellaneous Observation; 


4-4.1 Effect of immersed wire CcathodeJ length in the elsfctrolyte It 
was observed that with the increase in the irrimersed length of the 
wire, value of the current increased as the voltage was increased. 
Just before the onset of discharge, current drop was observed- At 
the onset of the discharge, further drop in the current was 
recorded. 

This might be due to the reason that at the onset of tfie 
discharge the bubble bursts, giving rise to a sp»ark- This spark, 
heats up the electrolyte locally and accelerates the electrolysis 
mechanism, evolving hydrogen bubbles at faster rate at the cathode 
surface. Thus a multi layer of non-conduct ing hydrogen bubbles is 
formed at the cathode, increasing the effective resistance and hence 
lowering the current. Table no-4.4 gives the observed supply voltage 



and current values. 


TABLE 4. 4 

Effect of wire length immersed in the electrolyte on current. 


Supply 

VO 1 tage 

(volts) 

Electrode gap = brrim 

L„= 1mm 

it 

L = E5nrifti 

it 

L„= 60mm 

Cur r ent ( A) 

Cur rent ( A ) 

Cur r ent (A) 

10 


0.6 

1.5 

20 

0.5 

1.6 

4.1 

30 

O.S 

2.S 

6.6 

35 

1.0 

3.4 

9.0 

40 

- 

3.9 

o 

• 

o 

50 

1 . 1 

4.2 


60 

1.0 

4.9 


70 

0.6 

3.8 



L = Length of wire immersed in the electrolyte. 

# The maximufTi limit of the ammeter was lOampSy so beyond 
this value of current, it could not be measured. 

For L = 1mm, Discharge Voltage was 70 V, 

For L = E5 and 60mm, it could not be recorded because of the 

it 

constraint on maxirrium voltage output from the transf ormer was 
70 volts. 
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4.4.^ Effect of electrode gap 

It is observed that the variation in current value with 

( 

increased electrode gap (front 6.5rrifii to E5rTtnt) before the onset of 
discharge is small but after which the values are same for both the 
electrode gap of 6.5 and 25frim. The Table no. 4. 5 shows the 

experimental results obtained. It can be deduced that the effect of 
electrode gap is negligible. It can also be said that the 

electrolyte resistance is very small and major potential drop is 
across the bubbles at the electrodes. 

TABLE 4.5 

Effect of electrode gap on current. 


Supply 

Voltage 

(volts) 


10mm 

Electrode gap = 6.5frim 

Electrode gap = 25mm 

Current (amp) 

Current (amp) 

10 

0.4 

0.3 

20 

1 .0 

0.9 

30 

1-6 

1.5 

40 

2.1 

2.0 

50 I 

2.5 

2.5 

60 

C .-2 1 

2.2 

65* 

i 

1.9 1 

1.9 

70 

1.7 

1 

1.7 


Discharge Voltage 

- Length of wire immersed in the electrolyte. 
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4*4.3 Effect of Electrolyte Concentr at ion on Discharge Voltage 

This is an obvious deduction from the main experiments 
conducted that the discharge voltage decreases with the increase in 
the electrolyte concent rat i on . 

As the electrolyte concent rat ion increases the conductivity of 
the solution increases because of more ions in the solution. This 
reduces the electrolyte resistance and the supply voltage required 
for discharge lowers. But at higher concentration again higher 
voltage should be required because of collision of too many ions 
will now obstruct the free movement of the ions. 

The discharge voltage recorded for electrolyte concent rat ion of 
15 wtX and above was around 20 volts and for S wtX it was 25 volts. 

4.4.4 Experiments on carbon fiber epoxy composites : 

Few experiments of cutting and drilling were conducted on 
carbon fiber epoxy composites. The detail of the specimen is given 
in Appendix D. It was observed that the arc intensity in the 
machining of the carbon composite were quite high as compared to 
that of PZT ceramics. The shadow graph of the cut groove is shown in 
Fig. 4. 9. 

Drilling was done using a 2mm diarrieter copper rod. It was 
noticed that after a depth of around Emm^ the toolCi-e. the copper 
rod) tip got melt because of heavy arcing. As depth increases, the 
debris probably gets entrapped in the drilled hole causing severe 
arcing. 

Photograph no. 4. 4 shows the machined and drilled hole in 
the specimen. 
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0_ = 0.260riiii L = 5.768iiiiii V = 20 volts C = 20 wt% 

1 D 

Co = 0.52irii7i L = 1.90mm V = 40volts C = 20 wt7. 

c. 1) 

where, Oj^ is average diametral overcut, 

L is length of cut, 

V is supply voltage and 
C is electrolyte concentration 


FIG 4.S 


SHADOW GRAPHS SHOWING THE SHAPE OF GROOVE CUT IN 
CARBON FIBER EPOXY COMPOSITE USING TW-ECSM PROCESS 



PHOTOGRAPH NO. 4. 4 


OF CARBON 


MACHINED AND DRILLED SPECIMENS 
FIBER EPOXY COMPOSITES ON TW-ECSM SET-UP 
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5.2 Sijgg€?s. lions for Future Work 

From the difficulties faced in the present work and with more 
in view of the literature surrvey the authors presents the following 
points which could be emphasised in the future. 

1. The feed given to the workpiece should be provided through a 
servo motor instead of a stepper motor. This will avoid the physical 
contact of the workpiece and the wire through the sensors and 
retrieve the feed. Thus arcing could be prevented and better surface 
finish could be achieved for partially conductive materials. 

2. Since the process generates excessive heat, it is suggested 
to have a continuous flowing electrolyte system. A pump can be used 
for the purpose. The flow rate should be such that hydrogen bubble 
is stable for sufficient time to generate spark and fast enough to 
carry away the generated heat. A cooling and sludge filtering device 
should be incorporated prior to the pump to maintain a constant 
value of the conductivity of the electrolyte. 

3. From the literature survey it has been studied that in 
process like wire EDM and EDM the liRR and the surface finish of the 
machined component improves when a pulsed supply is used instead of 
smoothed rectified D.C. supply. Hence, a pulsed D.C. supply could be 
used to enhance the MRR and better surface finish. 

4. A second axis could be added to the workpiece sliding 
mechanism. This can generate cut of any. shape (E-D) in the specimen. 
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APPENDIX- A 


WORKPIECE HOLDER, DEPTH CONTROL MECHANISM AND FEED MECHANISM 

The workpiece holding and sliding subassembly can be viewed 
in Fig. A. 1(a) CPlanl, A.1(b> CElevationD and A. 1(c) CRight side 
view3. 

The workpiece is to be mounted on the workpiece holding 
fixture shown in Fig. A. 2(a), which can slide on the workpiece 
slider, shown in Fig. A. 2(b), to align the position of cut on the 
workpiece. The workpiece slider is fixed to the joint plate 
(Fig. A. 3) and the hang rod (Fig. A. 4). 

The lift screw subassembly is shown in Fig. A. 5. The lift 
screw nut Fig. A. 6(a) and lift screw Fig. A. 6(b) are made with high 
precision for fine vertical adj ustment . The lift screw nut is 
push fitted and screw tightened to a slide block (Fig. A. 7). The 
slide block is made of aluminum for low weight. The slide block 
has two holes bored and force fitted with brass bush 
CFig-A.8(a)3- A stainless steel guide rod EFig.A.SCb)! can slide 
in the brass bush. Two guide rods are provided to prevent 
rotation in vertical axis. A block-washer EFig.A.9(a)3 is fitted 
between the lift screw and the block slide to prevent the lift 
screw from vertical play. 

The lift screw and guide rod have standard thread cut which 
helps it in mounting on the support T—block (Fig. A. 10). The lift 
screw is fitted with the lift nut CFig-A.9{b)3 on the upper 
surface of the support block. The lift nut is made of relatively 
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large diarrieter with knurling at its outer surface for easy hold 
and rotation, to facilitate the vertical adjustment of the 
workpiece^ As the feed is provided to the specimen, a mechanism 
of very low friction and precision is needed. For this. Linear 
motion (LM) guide Fig. A. 11, and rolled ball screw Fig.A.IE, is 
used The specification of these components are as follows • 

Linear motion slide 1 RS’R 12 W M UU 4 470 L M 
Rolled ball screw BMT 1404 A C 4 500 LT 
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FIG A. ICc) WORKPIECE HOLDING AND SLIDING SUBASSEMBLY 
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FIG A. aCAi W.P. HOLDER FIG A. SCbJ W.P. SLIDER 
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FIG A. 5 LIFT SCREW SUBASSEMBLY 





S-HOtES 
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ALUMINIUM/ 1NO. 






FIG A. SCbJ LIFT NUT 

ALUMINIUM/ 1N0. 


SB 






Type RSR9W, 12W 




LM rail base dimensions mm 

H«tght 

w, B, Ml dxDxh F 


- 12 

- 12 


8.5 4 . 5x8x4. 5 

8.5 4 . 5X8X4. 5 


40 

40 


! Bas<c -=33 


Z’.y. c z?’ 

- r f 


weight 

! c 

Co 

M. 

NU 

Me 


i kgf 

kgf 

kgf-m 

kgf-m 

kgf-m 

kgf kgf m 

1 410 
j 410 

620 

620 

I i-'S 

i 1.7 d 

1.90 

1.90 

4.86 ! 
4.86 ' 

i 0.075 1-5 

1 0.075 1-5 


FIG A. 11 


LINEAR MOTION SLIDE 
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FIG A. 12 


ROLLED BALL SCREW 
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APPENDIX - B 


WIRE FEED MECHANISM AND ANODE FIXTURE 

The subasserribly drawing of the wire drive ftiechanism is shown 
in figures B.Ka) CPlanD, B.Kb) CElevationD, and B.Kc) CRight 
side view3. 

1. Wire support unit 

The wire (cathode), as it moves is guided through free 
pulley units and one fixed copper cathode pulley CFig .B *2 (a ) 3 . 
The pulley unit consists of idler pulley Fig. B. 2(b), idler pin 
Fig.B-2<c), circular locks and nuts. The idler pulley which is 
dipped in the electrolyte is made of non-conducting teflon, the 
rest is of brass. This is done to avoid electrical continuity to 
the pulley unit thus preventing it to act as cathode. The fixed 
cathode pulley and cathode nut CFig-B-2(d)3 is made of copper for 
electrical connection. 



These pulleys are 

mounted on the 

pulley mount EFig 

.B.33 

in 

such 

a way to have 

minimum wire 

length 

immersed 

in 

the 

electrolyte. The holes 

in the pulley 

mount for 

the idler 

pin 

i s 

done 

to accommodate the 

various size 

of the specimen. A 

slot 

of 


60mrfi is made in the pulley mount for the workpiece holding device 
to move across the wire and facilitate the cutting process. The 
pulley mount is screw tightened to the wire base Fig-B.4. 
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FIG B. lCa3 WIRE DRIVE MECHANISM 



Part No . 
1 
2 

3 

4 

5 

6 
7 
& 

9 

10 
11 
12 

13 

14 


Pari Description 

SLIDING MECHANISH SUPPORT 

SLIDING MECHANISM 

WIRE BASE SUPPORT 

WIRE BASE 

PULLEY MOUNT 

WIRE MOTOR MOUNT 

WIRE MOTOR DRIVE 

TAKE UP SPOOL 

FEED SPOOL 

SPOOL PIN 

SPOOL BRACKET 

COPPER CATHODE 

IDLER PULLEY 

IDLER PIN 





1a 

RIGHT SIDE VIEW 

FIG B. lCc3 yiRE DRIVE HECHANISH 
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fig B.5 spool unit 
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2- Wire drive 


The fresh wire is wound on the feed spool CFig .B.5(a ) 3 , made 
of nylon. The feed spool is fitted with spool bush CFig.B.5<b)3 
for low friction and free rotation. This feed spool is supported 
on feed spool bracket CFig.B.5(c)3 with the help of spool pin 
CFig.B.5(d)3. 

The take up spool CFig.B.6(a)3 is driven by a stepper motor, 
SYM901, operated on 1S volts. A spool sleeve CFig.B.6( b) 3, free 
fitted on the take-up spool, is set-screw tightened on the motor 
shaft. The take up spool is then mounted on the spool sleeve and 
screw tightened to the spool sleeve to provide positive rotation 
to the spool. The motor is mounted on the wire motor mount 
<Fig.B.7) . 

The feed spool and take up spool is mounted on the wire base 
(Fig.B.4). 

3. Anode fixture 

The anode is a rectangular piece of graphite 
(size S0x2Ox5mm)with a hole of 3.5mm diameter at the center of 
50x20mm side. The anode is tightened on the anode holder 
<Fig.B.8). The anode is held and can be adjusted on the pulley 
mount. 


A. Sliding mechanism f or- wire f eed device 

This mechanism is to hold the wire feed mechanism at two 
positions, at the working condition and off condition for 
replacing wire, etc. A dovetail assembly is used for this purpose 


1O0 











PIG b.8 anode holder 

PLEXIGLASS/ 1 NO. 



PULC^y 

SUBASSEMBLY SHOWNG ANODE MOUNTING 
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MILD STEEL/ 1 NO 



comprising of dovetail female slide (Fig.B.9), dovetail male 
slide (Fig. B. 10) and wire base support (Fig. B. 11). 

The wire base support is screw tightened on the dovetail 
male slide. Thus the whole wire feed mechanism slides along with 
the male slide. To hold rigidly at the two positions, a clear 
hole is made in the female slide and tapping is done in the male 
part. A bolt is tightened from the rear side of the female slide 
to the male slide. This assures stable and fixed position. This 
mechanism is screw tightened to the sliding mechanism support 
(Fig . B . 12 ) wh i ch can slide on the base plate (Fig. B. 13) for small 
al i gnment . 
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PROPERTIES OF PZT CERAMICS 


1 . 


Mechanical Properties 
Vickers Hardness 
Modulus of Rupture 
Young's Modulus 
Fracture Toughness 


of PZT ceramics 
1H1.5kg/rr.n® 
4S.SMPa 
30.S3GPa 
1.E19MPa 


at load of 2.5kg 


2. Physical Properties 

Melting Temperature 
Density 


1560'^C 

3 

6.78 grri/cfft 


3. Electrical property 

Specific Electrical 10 mho/cm 

Conductivity 


110 



appendix d 


details of carbon fiber epoxy composites 


Purchased from 


Type 

Area Densi ty , AD cf 


Fothergile Englineered Fabrics Lid., 
Eng land 

Unidirectional carbon fabrics 
SOOg/ni^ 


Density of carbon fibers, De 1.9g/( 


Fiber Volume Fraction, V f 


(ADcf X N)/(Dc X t) 


where, N is no of fiber and 

t is thickness of sampl, 
In our case, N = 16 


t = 3 . 7mm 


Therefore, 


W = 45.52 % 


APPENDIX E 


MEASUREMENT OF ELECTROLYTE CONDUCTIVITY 

The specific conductance of the electrolyte is measured 
using a conductivity meter. The conductivity meter primarily 
consists of two parts, namely, 

1. Digital direct reading (D.D.R.) conductivity meter, and 

2. Conductivity Cell 

The D.D.R. conductivity meter can measure conductivity of 
0-1000 mMho in 4 ranges, with the accuracy of The 

conductivity can be read directly on the digital panel without 
manual balancing. 

The conductivity cell has two platinuiri electrodes separated 
by a gap of "L" and each having cross sectional area of "A". 

SinceR = p(L/A) 
or, (1/p) = (L/A)x(1/R>, 
where, R = resistance in ohm 

P = specific resistivity in ohm-m 
(1/R) = conductivity in mho 
(i/p) = specific conductance in mho-m 

(L/A) is known as the cell constant and is fixed for a given 
cell electrode, since L & A are fixed. 

Therefore, specific conductance is, 

cr — cell constant x conductivity( 1/R) 

The electrode cell constant of the apparatus was 0.841 



APPENDIX F 


The following chart shows the specific conductance of NaOH 
electrolyte in mho/cm C5T 


1 

Cone . 

wt.7. 

Temperature i deg^ 

ee celci 

US > 

55 

55 

60 

65 

70 

75 

SO 

15 

0.635 

0.685 

0.750 

0.800^ 

0 • 853 

0.861 

0.956 

17.5 

0.655 

0.710 

0.769 

0.8E7 

0.885 

0.941 

1.000 

EO* 

0 . 663 

0.7E4* 

0.786 

0.855 

0.919 

0.9SE 

1.046 

a 

HE. 5 

0.658 

0.7EE 

0.790* 

0.859 

0.9E5* 

0 . 993* 

1.060 

E5 

0.63E 

0.700 

0.775 

0.847 

0.919 

0.990 

1.063* 

E7.5 

0.591 

0.638 

0.743 

0.8EO 

0.895 

0.971 

1.047 

30 

0.56S 

0.634 

0.718 

0.796 

0.857 

0.95E 

1.032 

3E.5 

0.5S0 

0.606 

0.690 

0.769 

0.850 

I O . 930 

1.6l 

35 

0.513 

0.590 

0.664 

0.745 

0.833 

O . 907 

0.989 

37.5 

0.475 

0.556 

0.640 

0.7E2 

0.805 

0.887 

0.969 

40 

0.448 

0.5E5 

0.610 

0.693 

0.777 

0.859 

0.945 


* Maximum value of the specific conductance at constant temp. 

# Concentration at which maximum valu^ of the conductivity 
lies. 


